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1) Mclecular Electric Tensor Propertias and Nonlinear Optics

{See Journal Articles 1, 2, 3, 4, 5, 6, 9, 12)

hale oo

The motivation here is to pursue a deeper understanding of nonlinear optics
by studying it in the simplest possible media together with the complementary
goal of an improved understanding of molecular physics by intercomparison of
experimental results, ab initio theory and simple models.

We have enjoyed an ongoing discussion with groups of quantum chemists
(notably Bartlett, et al at Battelle, Arrighini, et al and Lazzeretti, et al)
undertaking state-cf~the-art ab initio computations of molecular coefficients.
A npumpber of aggravating differences between converntions have been eliminated
and our rigorous and precise experimental data has made it clear that only
the most elaborate computations are adequate and then only at the 20-50% level
for several-atom molecules.

Journal article 3 provides experimental data for some relatively large
molecules with delocalized electrons for comparison with a contemporary
approximate computation. We concluéde that such computations for molecules
of this size are inadequate.

In coilaboration with experimentalists using the Kerr effect to extract
molecular nonlinear coefficients (Orr, Buckingham, Bogaard, Dunmur, Richie
among others) we have investigated intriguing discrepancies between the
results of their technique and ours. One possible source of these discrepancies
(suggezted by B. J. Crr) is from terms in a perturbation expression for a
nonlinear coefficient involving excited vibrational states. The contributions
are currently not included in even the most sophisticated computation. Journal
article 12 is an experimental approach to this problem.




Since the success of gb initio theories seems not to be commensurate
with the effort involved, we have investigated simple models of molecular
nonlinear response such as the Bond Additivity Approximation and a model
where bond-bond interactions are included (Journal articles 1, 2, and 6).
Article 6 in particular has clarified the effectiveness and limitations of
such models.

Anisotropic linear molecular polarizabilities are of interest in the
context of molecular models and journal article 5 presents experimental data

from a novel method involving intensity dependent refractive index in gases.

2) Resonant Nonlinear Optical Interactions

(See Journal Articles 7, 10, 11)

The presence of resonances offers the possibility of substantial
enhancement of nonlinear optical coefficients. However, resonant enhancement
is typically accompanied by a plethora of deleterious or complicating
processes and may be severely limited by saturation. We have investigated
rescnant processes in cesium vapor in considerable detail.
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